Achieving universal access to electricity is one of the most important energy policy goals set by governments in the developing world. The recent empirical literature, however, paints a mixed picture about the economic viability of rural electrification. Although many studies find substantial socioeconomic benefits from rural electrification, others propose that these benefits are overstated. This paper examines the hypothesis that the magnitude and the nature of benefits associated with electrification are highly context dependent. Using a panel data of 7,018 rural households in Bangladesh for 2005 and 2010, the paper explores two underlying determinants of the heterogeneity: the quality of electricity supply and the number of years of being connected to the grid. The analysis uses an instrumental variable and propensity-score-weighed fixed-effects model to address potential endogeneity of electricity adoption. The analysis finds that power outages have a negative impact on almost all development outcomes considered, while some benefits of electrification accrue only over the long run. The overall gain from expanding access to and improving reliability of electricity supply in Bangladesh is estimated to be US$2.3 billion a year.
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I. Introduction
Around the world, over 1.2 billion people still lack access to grid electricity and globally, about 84 percent of those without electricity live in the rural areas (IEA 2016) . Rural electrification has been widely recognized as a key driver for alleviating poverty and boosting economic development, and has been ranked highly on the agenda of governments, nongovernmental organizations (NGOs) and international development agencies. Recently, a growing amount of research seeks to empirically assess the effects of rural electrification on micro-level development outcomes. The recent literature, however, paints a somewhat mixed picture about the economic viability of rural electrification. While many studies find substantial benefits from electrification on income, labor supply and education results, others suggest that these benefits may be overstated.
For example, Burlig and Preonas (2016) find only modest impact of rural electrification on labor participation and no effects on asset ownership, housing stocks and village-level public good provision in India. Using a randomized field experiment in India, Aklin et al. (2017) find no evidence for changes in spending, business creation, time spent working or studying and other indicators of socioeconomic development within a year of electrification. Also using an experimental approach, Lee, Miguel and Wolfram (2016) suggest that rural electrification in Kenya may reduce social welfare as the costs of grid expansion significantly outweigh its benefits. Bensch, Kluve, and Peters (2011) find no effect of rural electrification on income and children's home study using data from Rwanda. Among papers that reported positive net benefits of electrification, findings on magnitudes of the benefits are wide-ranging (Table A1) .
In this paper, we argue that there are at least two explanations for the lack of conclusive evidence in the literature. We hypothesize that the size and type of benefits electrification can bring about are contextdependent. Electricity leads to improved living standards through services provided by electrical appliances. The benefits are likely to be low if the "connected" households do not receive an adequate level of services due to unreliable electricity supply. Power outages are particularly a concern in developing countries where businesses report at least 20 hours of electricity outages a month, 2 and millions of households receive only a few hours of electricity a day. Both technology failures and systematic power cuts during periods of power shortages cause frequent and long hours of blackouts in developing countries. Poor quality of electricity supply could constrain and even discourage the productive use of electricity by households and businesses.
2
World Bank Enterprise Survey.
3
The second factor that could contribute to the heterogeneous effects of electrification is the duration households have been connected to the electric grid. While some basic benefits such as more efficient lighting can be achieved almost immediately upon electrification, other development impacts accrue only over the long run. For example, improved lighting may allow businesses to be open more hours in the evening. This would lead to more economic activities and contribute to income growth in the long term.
With improved income, households can afford more time-and labor-saving electric devices, and to engage in more income generating activities. Once a virtuous cycle kicks in, the accumulated benefits of electrification could be positively correlated with the number of years a household has been connected to the grid during an extended period.
Using data from a panel survey of 7,018 rural households for 2005 and 2010 in Bangladesh, we examine the spatial and temporal heterogeneity of the effects of rural electrification. We use household's distance to the nearest electric pole as an instrument variable and a two-stage propensity-score-weighted fixed effects model to address potential endogeneity of treatment which could derive from nonrandom expansion of the electricity network and nonrandom adoption of electricity by households.
We find that the length of daily power outages has a strong negative impact on almost all development outcomes considered. For example, a one hour increase in power outages per day is associated with a 5.9 percent increase in kerosene consumption and 0.3 percent reduction in annual income. When power outages last longer than 21 hours a day, there is effectively no difference between the electrified and the non-electrified households. On the other hand, the benefits of electrification increase with years of exposure to grid electricity, albeit with a declining rate. For example, each additional year of being connected to the grid is associated with a 7.8 percent reduction in kerosene consumption and a 1 percent increase in annual income. Labor market benefits of electrification seems to take the longest time to materialize.
Overall, we find that electrification in Bangladesh has brought substantial benefits to rural households as evidenced by increased income, time spent in study, and labor force participation, as well as higher women's empowerment. Even without accounting for the benefits associated with better education and empowerment outcomes, the potential gain from providing universal access to electricity and improving reliability of electricity supply in Bangladesh could reach US$ 2.3 billion a year.
We also find that electrification disproportionally benefits women and girls. After gaining access to electricity, girls' study time on average increases 0.47 hours a day while women's labor force participation 4 increases 2.3 percentage point a year. On the other hand, no statistically significant effects are observed for boys' study time or men's labor force participation.
Electrification could lead to divergence or convergence of living standards. On one hand, richer households are typically early adopters of electricity and can afford a wider range of electric appliances to make productive use of electricity. On the other hand, there are spillover effects from electrification from which poor households can benefit. For example, benefits from television, better lighting, or mobile charging can be easily shared with unelectrified neighbors. In addition, as the marginal return to electrification declines over time, poorer households who are connected to the grid may catch up at a later stage. Using a quantile regression approach, we explore the distributional impacts of rural electrification across income groups. We find that the marginal effects of electrification on income or expenditure growth for higher-income households is monotonically higher than that for lower-income households. The results suggest that richer households still benefit more from electrification than poorer households during the time span covered by the evaluation.
Our findings suggest that while broadening electricity access is important for improving the wellbeing of rural households, merely providing a connection is not sufficient to spur economic growth, especially when the quality of electricity supply is poor. To achieve long-term and inclusive benefits from electrification, governments would need to exert long-term efforts to improve the reliability of the electric grid and to implement complementary policies to encourage productive use of electricity, especially among poor households. Our results also show that the magnitude of benefits that can be reaped from electrification is very much context-dependent -an issue that should not be overlooked while studying the effects of rural electrification.
The rest of the paper proceeds as follows: Section II provides a brief background of rural electrification in Bangladesh. Section III presents data and descriptive analysis. Section IV describes the empirical strategy.
Section V reports the estimated heterogeneous effects of rural electrification. Section VI estimates the distributional benefits of electrification across income and expenditure quantiles. Section VII discusses policy implications and concludes the paper.
II. Rural Electrification in Bangladesh
Bangladesh is an agricultural country with a population of about 161 million. In 2014, about 66 percent of the population lived in the rural area and only about 50 percent of the rural households had access to grid electricity. From its beginning, the Government of Bangladesh has been committed to extending 5 electricity services to rural areas to promote social and economic development. In 1977, the government established the Bangladesh Rural Electrification Board (BREB, formerly known as REB) with a mandate to expand electricity supply in rural areas. BREB is responsible for planning and implementing all investments in rural electric grid infrastructure. It also organizes prospective electricity consumers of a selected area into rural electric cooperatives called Palli Bidyut Samity (PBS). A PBS is an autonomous organization that owns and operates a rural distribution system within its franchise area. A PBS typically covers a geographic area of about 700-800 square miles and serves around 60,000 to 100,000 residential customers. BREB provides technical assistance and finances to PBS, liaises between PBS and the bulk power suppliers, and oversees the performance of PBS.
Since its inception, BREB has made important strides in expanding rural electrification in Bangladesh. The first PBS was established in 1980 in Dhaka. Since then, a total of 77 PBSs have been created, serving more than 13 million residential customers in some 58,000 villages all over the country. Consequently, the access rate to grid electricity in rural areas has grown from less than 10 percent in 1977 to about 51 percent in 2014.
In recent years, the government has also partnered with NGOs and international organizations to promote off-grid options, particularly solar home systems, to provide electricity to remote villages where grid electrification is difficult and expensive. Since 2009, more than 50,000 solar home systems have been installed every month in Bangladesh, making it the fastest growing market for solar home systems in the world. In this paper, we focus on estimating the effects of grid electricity only.
Despite considerable growth in electrification, access to electricity in Bangladesh still ranks among the lowest in the world. Even for those connected to the grid, electricity supply is uneven and irregular due to fuel shortages and power generation capacity constraints, both of which contribute to frequent power cuts. Rural areas are especially affected by power shortages. Our data suggest that in 2005 more than 50 percent of the rural households with electricity faced a power outage of 8 hours per day or more ( Table   1 ). The average duration of power outages was 9.8 hours per day.
To address generation shortages and to further increase access to electricity, the government has adopted multiple strategies that include energy conservation, load management, promoting private investment, and improving sector governance and efficiency. The ultimate objective is to provide universal access to reliable electricity by 2021. Results of five groups of households are compared -those facing daily outages up to 5 hours, between 6 and 10 hours, 11 to 15 hours, 16 to 20 hours, and above 21 hours or more. There is generally a positive correlation between hours of power outages and volume of kerosene consumption, and negative correlation between length of the outages and income and expenditure, study hours, labor force participation rate and women's empowerment. Also noticeable is the fact that when outages are longer than 21 hours per day, there are almost no distinguishable differences between unelectrified and electrified households. Table 5 reports mean outcomes of grid-connected households in 2010 based on their duration of exposure to grid electricity. Again, five groups of households are considered -those connected to electricity grid for up to a year, between 2 and 5 years, between 6 and 10 years, between 11 and 15 years, and 16 years or more. The findings reveal a positive correlation between the duration of exposure and household and individual socioeconomic outcomes. Notably, kerosene consumption goes down almost immediately after a household gains access to grid electricity. But other benefits manifest themselves only gradually over time. For example, increase in income and expenditure, and hours of study by children are only observed among households who have been connected to the grid for more than a year, while growth in labor force participation is only observed among households who have been connected for more than 11 years. Table 6 shows ownership levels for different types of appliances of the five groups of households by duration of grid connectivity. Household who have been connected to the grid for a longer period clearly own more appliances. For example, the proportion of households who own a refrigerator is 4.4 percent among households who have gained connection for less than a year. It reaches 37 percent for households who have been connected to the grid for more than 16 years.
III. Data and Descriptive Analysis

B. Descriptive analysis
Tables 5 and 6 present suggestive evidence on heterogeneous returns to rural electrification. It is possible that the households that were well-off to begin with adopted electricity earlier and can afford a wider range of appliances than those who were poor. Indeed, as shown in Figure 1 , duration of connection in 2010 is positively correlated with households' income in 2005. 4 For example, the duration of connection of households in the 10 th income decile is about four times that of those in the bottom decile. In the following section, we formally address the endogeneity issue to identify the causal effects of rural electrification conditional on the two dimensions of heterogeneity discussed above.
IV. Empirical Strategy
We examine the effects of electrification as depending on the reliability of electricity supply, and the length of time of being connected to grid, using the following conditional outcome equation:
where, Yit denotes the outcome variables of interest of household i in year t (t=0 for 2005, and 1 for 2010);
Xit is a vector of observable household-and community-level characteristics, including age, gender and education level of household's head, the number of adult males and females in the household, the amount of household land asset, housing structure, household's access to piped water or tube well. We also control for whether a household owns solar home systems, an important alternate source of electricity in Bangladesh. At the village level, we control for village price of alternate fuels, including firewood, kerosene and liquefied petroleum gas (LPG). Eit is a dummy variable measuring households' electrification status.
E it equals 1 if the household has access to electricity, and 0 otherwise. D it denotes the contextual variables, 9 including the average duration of electricity outages each day measured by hours, and the number of years elapsed since the household was first connected to the grid.
Tt is year fixed effects capturing year specific shocks that are consistent across all households.
represents unobserved time-invariant household and village-level determinants of the outcomes. is the error term. , , , and δ are unknown parameters to be estimated. The aggregate treatment effect of electrification is measured by ( + ). The hypothesis is that as Dit changes, the observed effects on the outcomes attributable to electrification would also change.
The challenge for estimating equation (1) is that unobserved household and community-level characteristics ( ) may be correlated with both outcome variables (Yit) and the treatment (E it ) and/or contextual variables (D it ). For example, government may choose to roll out electrification projects in areas with greater growth potential; when electricity becomes available at the village level, more resourceful households are more likely to adopt electricity. Because cannot be directly controlled for, an OLS estimation of equation (1) would be biased because of omitted variable bias.
If each household is observed more than once in the sample, a household-level fixed-effects (FE) model can be used to eliminate time-invariant unobserved factors. Specifically, we take the difference of equation (1) over the two periods (period 0 for 2005 and 1 for 2010) which yields:
Since there is no unobserved component, equation (2) gives an unbiased estimate of the treatment effect,
given that the assumption of the time-invariance of holds.
However, a simple FE estimation of equation (1) will still be biased if the unobserved determinants of outcome variables change over time and are correlated with E it , or D it , or both. For example, the perceived benefits of electrification may evolve over time. This in turn will affect households' decision to adopt and utilize electricity dynamically. In this case, equation (1) can be rewritten as:
where is the time-varying unobserved heterogeneity. Taking the difference of equation (3) between the two-time periods gives:
As equation (4) shows, the unobserved factor is not eliminated, and hence, a simple FE estimation of equation (3) will still be biased.
To address the potential endogeneity concern, we use two approaches: instrumental variable (IV) approach and propensity score-weighted fixed-effects model. An instrumental variable must satisfy two conditions: it is directly correlated with the treatment variable but not with the outcome variables; the outcome variables are only indirectly affected through its impact on the treatment variables. In this study,
we explore the idea of using connection cost as possible instruments for electricity adoption. High initial charges households must pay to be connected to the grid are often identified as a significant obstacle to electricity adoption in developing countries (Winkler et al. 2011) . In Bangladesh, like in many other countries, households must pay a fixed fee to be connected to the electric network, and the average connection cost per household was Taka 2800 (US$40) or about 5 percent of annual total household expenditure based on a 2006 study (Mainuddin 2006) . The connection cost varies with a household's proximity to the nearest electric pole. The closer the distance, the lower is the cost. If a household is located within 100 feet of the nearest pole, connection is given free of cost. Free or low connection offers a strong incentive for households to adopt grid electricity but it does not otherwise affect the outcomes of interest. Therefore, similar to Khandker, Barnes and Samad (2013), we use the following choice variable as an instrument to capture exogenous variation in electrification status: Z = 1 if household is located within 100 feet of an electric pole.
= 0 otherwise.
We also interact Z with household exogenous characteristics, including age, gender, and education of the households' head to create additional instruments. Data on electricity availability are only reported for 2005, and so, IV method is combined with village-level fixed effects and implemented using the crosssectional data of 2005 to estimate the heterogeneous effects of electrification caused by variation in electricity reliability.
To examine how years of connection affects the accumulated benefits of electrification, we use propensity score-weighted fixed effects in a panel setting. Heckman (1981) , Chamberlain (1984) , and Arulampalam, Booth, and Taylor (2000) show that unobserved heterogeneity is often correlated with initial conditions.
Based on the insights from the literature, we estimate a propensity-score-weighted fixed-effects model in two stages by controlling for initial household-and village-level characteristics. In the first stage, we estimate a household's probability of being connected to the grid as a function of household and community-level exogenous characteristics observed in year 2005. In the second stage, the impact of electrification is estimated using a weighted household-level fixed-effects model, with the weight being a function of the predicted probability, i.e. the propensity score (p). Specifically, following Hirano, Imbens, and Ridder (2003) , for households that are connected to the grid, the weight equals 1; for households that are not connected to the grid, the weight equals p/(1 -p), where p is the propensity score. The idea is that off-grid households that are closer to grid-connected households in terms of initial characteristics would receive a higher weight in the regression.
Finally, we expect the return to electrification will increase over time until it reaches a plateau. To account for the possibility of a diminishing return to electrification, we include a square term of the total years of electricity connection (Dit) in equation (1):
V. Results
To assess impacts of rural electrification on households' welfare, we consider a broad range of social and economic outcomes, ranging from the consumption of traditional fuel to income, expenditure, education, employment, and women's empowerment. In this section, we first discuss the differential effects of rural electrification due to heterogeneity in reliability of electricity supply and the length of time exposed to grid electricity. We then explore their implications for the distributional benefits of electrification. Table 7 reports estimation results of equation (1) with the contextual variable being hours of electricity supply per day. Columns (1) and (2) report estimating results from a simple OLS model and an IV model, respectively. Column (3) reports aggregate mean effects of electrification based on the IV model. Table 7 shows that electrification brings multiple benefits, but the size of the benefits could be significantly reduced when electricity supply is unreliable. In addition, the effects of electrification (conditional on hours of electricity availability) estimated from the IV model are generally greater than those from the OLS model, suggesting potential endogeneity of the electrification variable. In the following, estimations from the IV model (columns (2) and (3)) are the preferred results to be discussed.
A. Reliability of electricity supply
The first immediate benefit of gaining access to electricity is the reduction of kerosene consumption.
Kerosene lamps are the primary source of lighting in households without electricity. Kerosene lamps not only produces much inferior light in terms of lumens per square meter than electric bulbs, they are also a major source of indoor air pollution and ambient black carbon emission. Once connected to the grid, households' kerosene consumption is on average reduced by 73 percent conditional on prevailing electricity availability in the sample. On the other hand, the finding also reveals a positive correlation between kerosene consumption and power outages. As shown in the first panel of Table (8), each one hour increase in the duration of blackouts is on average associated with a 6 percent increase in kerosene use.
After obtaining access to grid electricity, households also experienced significant increase in per capita Corresponding to income increase, following grid connection, households also increased non-food spending, on average by 21 percent over the sample period. As a result, total per capita expenditure increased by 12 percent. Meanwhile, every one hour increase in daily power outages is associated with a 0.8 percent reduction in households' nonfood expenditure. There is no statistically significant correlation between electrification and food expenditure.
Women and girls are traditionally responsible for household chores. Electrification can help free up the time women and girls spend on domestic chores so they can engage more in productive activities such as education, employment and social participation. Indeed, as shown in the third and fourth panels of Table   ( 8), we find that getting access to grid electricity increases the time spent on studies on average by 0.47 hours per day among girls. It also increases women's labor force participation by 2.3 percentage points, while no such effects are observed for by boys' study time or men's labor force participation. However, power cuts again mitigate these positive impacts of electrification. Every one hour increase in power outages per day reduces girls' daily study time by 0.11 hour.
We explore several additional metrics to examine the impact of electricity access on women's empowerment. We find that getting access to electricity increases women's decision-making powers.
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Women who have access to electricity are more likely to decide alone on children's health care, and decide alone on the use of own income. Grid electricity also facilitates increased access to information: women who have access to grid electricity spent more time watching TV or listening to radio. Table 8 reports the joint effects of rural electrification and the length of time connected to the grid.
B. Time length of being connected to the grid
Columns (1) and (2) are estimations based on a simple household-level fixed-effects model, and a propensity-score-weighted fixed-effects model, respectively. Results from the two models are slightly different. The propensity-score-weighted fixed-effects model is again our preferred specification.
The time span of being connected to the grid has a positive impact on most of the household and individual outcomes. For example, given the average length of time connected to the grid at 10.5 years in 2010, each additional year of exposure to grid electricity reduces households' kerosene consumption by 7.8 percent. A one year increase is also on average associated with a one percent increase in total per capita income, 4.1 percent increase in nonfarm income, a 1.1 percent increase in per capita total expenditure, a 2.3 percent increase in nonfood expenditure, 0.04 and 0.05 hour of daily increase in time spent on studies by boys and girls, respectively, and increased women's decision-making power. In addition, the squared term of the time variable is statistically significant for kerosene consumption, per capita total income and farm income, and women's time spent in watching TV or listening to radio, and is of opposite sign of that of the time variable, indicating diminishing marginal returns to electrification on these outcomes. Results are robust when the square term of the time variable is not included, as shown in Table A2 .
Notably, we did not observe similar effects of the time variable on labor force participation. As Table 5 shows, distinctly better employment outcomes are only observed among groups that have been connected to the grid for 11 years or longer. The lack of significant correlation between labor force participation and time span of grid connection could be explained by the fact that most of the households in the sample have been connected to the grid for less than 10 years in 2010.
To further describe the heterogeneous effects of electrification due to variation in the length of time of grid connection, we predict outcome variables assuming households have been connected to the grid for one year and for 10 years. Table 10 shows substantial variation in the predicted individual-and household-level effects. For example, reduction in kerosene consumption ranges from 7.7 percent to 60 percent, total per capita income growth ranges from 4 percent to 36 percent, time spent on studies by girls ranges from 0.05 to 0.33 hours per day, because of changes in grid duration length from one to 10 years.
VI. Distributional Benefits of Electrification
Since appliance ownership plays an important role in making productive use of electricity, wealthier households, who can afford a more diversified portfolio of appliances, may be able to reap more benefits from electrification than poorer households. For this reason, electrification could lead to divergence of income growth, at least initially. On the other hand, poorer households can catch up as they benefit from potential positive spillover effects (Dinkelman, 2011; Van de Walle et al. 2015) and can acquire more types of electric appliances and tools over time. In this section, we estimate a quantile regression model to examine whether the divergence or catch-up effect dominates and how the benefits of electrification vary by household initial income status.
Following Koenker and Bassett (1978) , the quantile regression model is described as follows:
Similar to the conditional mean of a linear regression E(Y|X), the conditional quantile function can be expressed as:
where ( | ) denotes the quantile of the outcome Y i conditional on the vector of covariates X i .
The quantile is the value of Y i which divides the data into two proportions -on one side and (1-) on the other. While OLS solves the outcome equation by minimizing the term ∑ , quantile regression minimizes the following term:
The parameters in equation (6) can be estimated semi-parametrically using linear programming methods (Buchinsky 1998) . To account for possible heteroskedasticity in the error term, the variance-covariance matrix of coefficients can be estimated using bootstrapping. The quantile's coefficients can be interpreted as the partial derivative of the conditional quantile of Y i with respect to X i .
For panel data, we can express the quantile function for electricity intervention as follows:
where E it is the electrification dummy, the subscript t refers to survey round (t=0 for 2005 and 1 for 2010) and the error term ε it subsumes unobserved household and village-level factors. Unlike the case of OLS, we cannot take the first-difference of equation (9) for two periods to implement fixed effects for quantile regression, because quantiles are not linear operators. That is,
To overcome this problem, we follow Gamper-Rabindran, Khan, and Timmins (2010), which specify the unobserved effect ε non-parametrically as an unknown function ϕ(.) of the covariates X:
Substituting equation (10) in equation (9), we take the first difference to get:
or, Δ = Δ + Δ
Gamper-Rabindran, Khan, and Timmins (2010) show that the quantile regression can be estimated using a two-step procedure. First, based on equation (11) Table 10 reports the marginal effects of electrification on income and expenditure growth by households' income and expenditure quantiles. A distinct pattern emerges from the results: as we move from lower to higher quantiles, returns to electrification in terms of income and expenditure growth monotonically increase. In fact, no statistically significant income growth is observed among households below the 60th percentile of the income distribution. While expenditure increase occurs across the board, growth in expenditure is only 3.8 percent for households in the lowest income quintile compared to 10.6 percent for households in the highest income quintile. Consistent with findings reported by Khandker, Barnes and Samad (2012) , on average, wealthier households still benefit more from electrification than poorer households in terms of income and expenditure growth as of 2010.
VI. Conclusion
Achieving universal access to electricity is one of the most important energy policy goals set by governments in the developing world. Recent empirical literature on the development effects of electrification however reported vastly different findings. They range from negative net benefits to significant positive gains from electrification. In this paper, we explain the conflicting evidence reported in the literature by exploring two underlying determinants of the magnitude of electrification benefits:
the quality of electricity supply and the time span of being connected to the grid.
Using a panel data set of 7,018 households in Bangladesh for 2005 and 2010, we examine a wide range of household and individual socioeconomic outcomes after gaining access to the electric grid, including kerosene consumption, per capita income and expenditure, time spent on studies by boys and girls, labor force participation among men and women, and women's empowerment. We use both an instrumental variable approach and a two-stage propensity-score-weighted fixed-effects model to address potential endogeneity associated with the nonrandom adoption of electricity.
We find that gains from electrification are significantly positively correlated with the reliability of electricity service and the time span of being connected to the grid. Taking the example of the impact electrification has on income growth, every one hour increase in daily power outages is associated with a 0.3 percent reduction in annual income, while every one additional year of grid connection is associated with a one percent increase in income. The average treatment effect of electrification on per capita annual income growth is estimated to be 17 percent. Like in many other developing countries, power shortages severely constrain business and households' use of electricity in Bangladesh, where average duration of power outages is 9.8 hours a day in 2005. Reducing power outages is estimated to generate income gains of US$ 486.3 million per year. Accounting for income growth alone, the total potential benefits from improving reliability and achieving universal access to electricity could reach US$2.3 billion a year in Bangladesh.
Using a semiparametric quantile regression approach, we also estimate the distributional treatment effects of electrification. We find that the benefits of grid connection monotonically increase with households' initial income status. For example, the expenditure gain from gaining access to grid electricity is about 10.6 percent for the households in the 80th expenditure quantile whereas it is only about 3.8 percent for the households in the 20th expenditure quantile. Although rich and poor households are equally affected by power outages, rich households are likely to be connected to the grid for a much longer time and own a wider range of electric devices to enable more productive use of electricity.
Findings of this paper underscore the importance of providing adequate and reliable power in addition to expanding grid connection. Complementary policies are also needed to encourage income generating activities from the use of electricity to maximize the development impact of electrification. Finally, we
show that a greater focus on the heterogeneous effects of electrification is needed to have a better understanding of the effectiveness of rural electrification interventions.
Figure 1. Relationship between household income and duration of grid connection
Source: BREB household survey, 2010 
